Studies in rodents have shown that oral tolerance 1 -3 may be more difficult to induce in neonates and infants than in adults. 4 Thus, the administration of hen egg ovalbumin (OVA) to 1-day-old mice led to significant priming of an OVA-specific immune response in adulthood. In contrast, administration of OVA after the first week of age did induce tolerance. 5 Similar results were obtained by Strobel and Ferguson, 6 who showed that tolerance induction could be induced in mice after days 7 -10 but not before. In addition, they showed that there was a temporary loss in the effectiveness of oral induction at the time of weaning. Defects in oral tolerance induction were also shown in neonatal pigs that developed hypersensitivity after weaning with preexposure to dietary proteins in the neonatal period. 7 Similar defects were later observed in a rat model of experimental autoimmune encephalomyelitis; indeed, administration of myelin basic protein to rats induced tolerance when given after week 4 of life, while earlier administration resulted in priming and dysregulated experimental autoimmune encephalomyelitis. 8 Additionally, these authors showed that systemic administration of myelin basic protein in neonatal rats could prevent this form of encephalomyelitis, showing that the defect in tolerance induction in neonates was specific to the oral route. In apparent contrast with that study, Maron et al. 9 demonstrated that oral administration of insulin induced efficient tolerance as well as protection from type 1 diabetes in nonobese diabetic neonates.
Indirect oral antigen administration to neonatal mice through maternal milk has also been assessed for oral tolerance induction. Tolerance to OVA was induced by day 7, but the amounts of OVA required for tolerance to be induced in that time frame were about 1,000 times lower than those needed when the pups were directly gavaged. 4 Other studies have shown that the breast-milk-mediated transfer of an antigen could prevent antigen-specific immune responses 10 -14 and allergic disease development in rodents. 13 A physiological situation that illustrates very clearly the possibility of inducing tolerance to antigens present in breast milk is a child ' s exposure to cells and soluble human leukocyte antigen (HLA) molecules from the mother during pregnancy and through breast-feeding; antigens that are not transmitted genetically are called non-inherited maternal HLA antigens (NIMA). 15 Elegant studies in rodents demonstrated that transfer of these HLA antigens from the mother to the pup in utero and through breast milk favor the acceptance of heart, skin, or bone marrow semi-allogeneic transplants that express NIMA. 16, 17 In the case of bone marrow transplant, the transfer of HLA antigen through breast milk was sufficient to prevent allogeneic reactions.
These studies suggest that, although neonatal oral tolerance induction is possible, the mechanisms involved are different Oral tolerance in neonates: from basics to potential prevention of allergic disease
V Verhasselt 1 , 2
Oral tolerance refers to the observation that prior feeding of an antigen induces local and systemic immune tolerance to that antigen. Physiologically, this process is probably of central importance for preventing inflammatory responses to the numerous dietary and microbial antigens present in the gut. Defective oral tolerance can lead to gut inflammatory disease, food allergies, and celiac disease. In the last two cases, the diseases develop early in life, stressing the necessity of understanding how oral tolerance is set up in neonates. This article reviews the parameters that have been outlined in adult animal models as necessary for tolerance induction and assesses whether these factors operate in neonates. In addition, we highlight the factors that are specific for this period of life and discuss how they could have an impact on oral tolerance. We pay particular attention to maternal influence on early oral tolerance induction through breast-feeding and outline the major parameters that could be modified to optimize tolerance induction in early life and possibly prevent allergic diseases.
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from those in the adult. In the following paragraphs, we highlight the factors that are specific to this period of life and discuss how they could be modified to optimize oral tolerance induction in early infancy.
MECHANISMS OF ORAL TOLERANCE INDUCTION IN NEONATES VS. ADULTS
Oral tolerance in adults requires exposure to an optimal dose of an antigen by the oral route, the translocation of this antigen across the gut barrier, and its presentation by antigen-presenting cells to T lymphocytes, resulting in antigen-specific tolerance. In the following sections, we examine how these critical steps can be fulfilled in neonates.
Do neonates encounter common environmental and dietary antigens by the oral route?
The first question to be asked in determining whether oral tolerance can be induced in neonates and have a role in immune responses later in life is whether a neonate is exposed to environmental and dietary antigens by the oral route. According to the current World Health Organization (WHO) recommendation, infants receive milk from either the maternal breast or formula derived from cows during their first 6 months, after which solid food is progressively introduced. 18, 19 -Lactoglobulin is a major antigen that is present in cow ' s milk in amounts of mg ml − 1 but is absent from human milk. Up to 3 % of children fed cow ' s milk become allergic to this antigen. In addition to maternal-milk-specific proteins, breastfed children receive maternal dietary antigens. 20 Studies in humans have documented the presence of antigenically intact food proteins in human milk, including bovine -lactoglobulin, hen egg OVA, gliadin from wheat, and Ara H1 from peanuts. 20 These antigens are found in concentrations ranging from 100 to 400 ng ml − 1 , with the concentrations varying markedly from one individual to another. We observed in a mouse model that airborne antigens could also be found in breast milk. 13 Although surprising when first considered, this observation is easily explained because 95 % of inhaled antigens are found in the gut. 21, 22 Thus, oral exposure to dietary and environmental antigens occurs early in life, but both the nature and the amount of the antigens encountered vary according to the mode of feeding: whereas formula-fed children receive large amounts of cow ' s-milk antigens exclusively, children who are breast-fed receive daily, from birth until weaning, minute amounts of numerous antigens ingested by the mother.
How are antigens handled in the neonatal gut?
Before reaching her milk, antigens ingested by a mother are processed in the digestive tract, and this process may have consequences for the generation of tolerogenic forms of an antigen. 23, 24 Studies of oral tolerance in adult rodents have demonstrated that antigen handling in the gut is necessary to confer tolerogenic properties to orally administered antigens. 23, 24 Among the gut ' s factors involved in the generation of tolerogenic forms of antigens are the low stomach pH 25 and digestion by pancreatic enzymes. 26 The gastric pH of young infants ranges from 3 to 5, compared with 1 -2 in adults, 27 and secretion of pancreatic enzymes is low at birth and increases during infancy. 27 Therefore, the processing of a dietary antigen in the maternal digestive tract before it reaches the milk may favor the induction of antigen-specific tolerance in the neonate. In support of this hypothesis, we found that, although both intravenous and oral administration of an antigen to a lactating mother result in its appearance in breast milk, only oral administration to the mother is able to induce tolerance in the breast-fed mice (V Verhasselt, unpublished data).
The amount of antigen that will be able to cross the gut barrier is influenced by the presence in the gut lumen of antigen-specific immunoglobulins (Ig). 3, 28, 29 In adults, secretory IgA represents the predominant antibody class in intestinal secretions. 3, 28, 29 This class of noninflammatory Ig inhibits the adherence of bacteria and viruses to mucosal surfaces and microbial colonization. IgA can also trap food antigens; this is responsible for immune exclusion of dietary antigens and favors their degradation by pancreatic enzymes. In addition, the antigens that have been translocated through the epithelial barrier induce the synthesis of antigen-specific secretory IgA, and antigens bound to IgA are then actively transported from the lamina propria back to the lumen. 30 IgA may also exert an immunoregulatory effect. 31 -34 In contrast to animal studies showing that oral tolerance can be induced in adult mice in the absence of secretory IgA, 35 epidemiological studies suggest that IgA-deficient individuals are more susceptible to various allergies, including food allergies. 36 Neonates are deficient in IgA synthesis, but maternal IgA in breast milk can substitute efficiently for this lack of endogenous synthesis. 37 Maternal dietary antigens are commonly found bound to IgA in milk. 38, 39 Studies have shown an inverse correlation between the levels of IgA in breast milk and further allergy development in breast-fed children, supporting a possible role of IgA in oral tolerance. 40 -42 However, maternal IgA in breast milk was not necessary for tolerance induction in neonates through breast milk in an animal model of antigen transmission. 13, 43 Antigens in breast milk may also be found associated with maternal IgG. In an animal model, we noted that antigen-sensitized mothers that are exposed to the antigen during lactation present high level of IgG -antigen immune complexes in breast milk. 43 In addition, and as discussed later, the presence of IgG -antigen immune complexes in breast milk was associated with the induction of a much more profound and long-lasting antigen-specific tolerance in breast-fed mice as compared with tolerance induced when the antigen was found free in breast milk. 43 In humans, dietary or environmental antigen -IgG immune complexes might also be found in breast milk. Indeed, such immune complexes were found in sera of both healthy and atopic individuals, 44 -46 and a receptor specialized in IgG or IgG -immune complex transfer, the FcRn (see below), is expressed in the epithelium of mammary gland, allowing the transfer of IgG -IgG immune complexes from sera to the milk. 47, 48 
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How are antigens transferred across the gut barrier and presented to the immune system in neonates?
Intestinal barrier . There are marked differences in the timing and extent of intestinal maturation in various animal species, and the variations reflect the duration of the gestational period. In mice and rats, which are born after a short gestation, the intestine is poorly developed at birth, whereas in species that have a long gestation period -e.g., guinea pig, sheep, and pig -intestinal development occurs earlier in utero . These species are more representative of human development in the fetal and neonatal periods. 49 The gut maturation process is associated with a decrease in intestinal permeability and a consequent decrease in the transport of macromolecules across the intestinal barrier. This phenomenon, called gut closure, takes place in rodents at the time of weaning and within the first postnatal days in humans and other species with a long gestational period. Maternal colostrum and milk contain gut epithelium growth factors, such as epidermal growth factor and transforming growth factor, that stimulate intestinal growth and development, accelerate gut closure, and might affect antigen transfer. 50 Some studies suggest that alterations in gut permeability might be involved in the pathogenesis of gut inflammatory disease. 51 For example, permeability was increased in an animal model of food allergy and in humans sensitive to cow ' s milk after milk provocation. 52 It is not clear whether gut permeability influences induction of oral tolerance, but increased permeability in conjunction with other activating factors of the immune system, such as gut infection, might favor allergy development. 28 Neonatal Fc receptor . Although passive transcellular transport of proteins leads to degradation of more than 90 % , there also exists active protected transport across the epithelial cells. 53, 54 One well-described protected transport is that of IgG. Mice and rats receive maternal IgG mainly in the postnatal period through milk, whereas other species -including humansreceive maternal passive immunity both before birth (by transplacental transfer of IgG) and after birth (through milk). The existence of a receptor involved both in IgG transfer across the placenta and gut and in the regulation of serum IgG was proposed by Brambell 55 in the 1960s and was finally identified as the neonatal Fc receptor in the 1990s. 56 -58 This receptor, which is composed of a transmembrane protein associated with -2 microglobulin, is structurally related to the major histocompatibility complex class I molecule. In the gut, it is expressed in the proximal small intestine until weaning in rodents and throughout life in humans. The crucial role of this receptor for humoral immunity of the neonate was identified when neonatal mice deficient in the FcRn heavy chain proved to be unable to absorb IgG from maternal milk. 56 -58 This receptor may also be important for antigen transport given that it allows antigen bound to IgG to cross the intestinal barrier without being degraded. This was very elegantly demonstrated 30 years ago by Abrahamson and colleagues, 59 who described the transfer of an antigen by gut epithelial cells in neonatal rats and observed that detectable amounts could be found in the lamina propria only when the antigen was bound to antigen-specific IgG. Using a human FcRn transgenic construct, Blumberg and colleagues showed that antigen -IgG complexes were transcytosed across the lamina propria in adult mice and transferred to lamina propria dendritic cells (DCs), resulting in an effector immune response. 60, 61 We found that antigen -IgG immune complexes were present in mouse breast milk on administration of an antigen to lactating antigen-sensitized mothers. Milk-borne antigen -IgG immune complexes were efficiently transported across the intestinal barrier using the FcRn. This transfer resulted in induction of regulatory T cells (Tregs) and a much more potent tolerance induction and protection from allergic airway disease as compared with those induced by the transfer of free antigen. 43 Such an efficient tolerance induction probably relies on the protected antigen transfer across the gut barrier when antigen is complexed to IgG by the use of the FcRn. This demonstrates in a physiological model the role of this receptor in oral tolerance induction in neonates.
Antigen capture and presentation by DCs . In addition to epithelial cell transport, antigen uptake by M cells in Peyer ' s patches and by DCs expanding dendrites between epithelial cells allows the transfer of intact antigen across the intestinal barrier in adult rodents. 2,62 However, their direct role in oral tolerance induction is uncertain. Where tolerance induction takes place is a matter of debate, but the best evidence suggests that mesenteric lymph nodes have a crucial role. 2,62,63 Peyer ' s patches and mesenteric lymph nodes are already present at birth in both rodents and humans, 64 and microbial microbiota and diet affect their development (see below). In addition to antigen uptake, some DC subpopulations are specialized in tolerance induction in the gut. In particular, one subpopulation expressing CD103 has a key role in the induction of Tregs in mesenteric lymph nodes through the local production of retinoic acid. 65, 66 The absolute number of DCs is reduced by several logs in the neonate body as compared with adults. There are also differences in the representation of various subpopulations, such as plasmacytoid DCs, that are more numerous in neonates as well as in their function, such as IL-12 secretion, which is reduced in neonates. 67 Few reports describe the presence of DCs in gut mucosa and gut-associated lymphoid tissues in neonates. Thus, major histocompatibility complex class II -positive cells with DC morphology have been identified in neonatal lamina propria and the mesenteric lymph nodes. 68, 69 However, where oral tolerance induction takes place in the neonate and which cells are involved in this process need clarification.
Is the neonatal immune system prone to tolerance induction upon antigen presentation of orally administered antigen?
Once an antigen has crossed the intestinal barrier, tolerance induction requires its presentation to lymphocytes followed by their deletion or the induction of Tregs. Pioneer studies by Medawar suggested that the neonatal immune system is immunologically immature and prone to tolerance induction. 70 -72 This was shown in a mouse model in which systemic administration of an alloantigen in utero or in the perinatal period resulted in tolerance in adulthood to a skin graft expressing REVIEW the same alloantigen, whereas the same protocol in adult led to accelerated graft rejection. 70, 71 Later studies showed not only that neonates are biased for T helper type 2 cell responses as compared with adults but also that any kind of immune response could be induced in neonates under appropriate conditions. 67,73 -75 Thus, by modifying the dose of antigen, the adjuvant used, or the ratio of antigen-presenting cells to responder cells, adult-like effector immune responses could be induced in neonates. The concept of immune system immaturity in neonates has been established on the basis of rodent studies. Compared with data obtained from humans, it appears that mice are immunologically less mature at birth than humans, and it has been proposed that 7-day-old mice are most comparable to human newborns. 67 Nevertheless, a process of immune maturation is also observed in humans, as illustrated by the observation that many food allergies, such as cow ' s milk allergy in early infancy, have a high spontaneous remission rate at around 3 years of age, most likely due to a progressive shift from T helper type 2 cells ' immune response to Treg induction. 76 Although genetic factors are important risk factors for defective tolerance induction and allergy development, 77 -79 they cannot be modified. However, there is compelling evidence that modifiable factors such as gut bacterial colonization and diet have a key role in the maturation of the neonatal immune system and its further susceptibility to tolerance induction.
Gut microbiota and immune system maturation . The gastrointestinal tract of the newborn is sterile, and it is colonized soon after birth by numerous types of microorganisms. Colonization is complete after approximately 1 week, but the number and species of bacteria fluctuate markedly during the first year. Once established, the microbiota are surprisingly stable, and they are specific to each individual. 80 -82 The impact of the gut microbiota on immune system maturation was demonstrated by major alterations of the immune system in germ-free mice: hypoplastic Peyer ' s patches with few germinal centers and greatly reduced numbers of IgA-producing plasma cells and lamina propria CD4 + T cells. In addition, the immunological abnormalities in germ-free animals are not confined to the mucosal immune system; spleen and lymph nodes are relatively structureless, with abnormal B-and T-cell zones. These morphological features are associated with important functional changes, such as hypogammaglobulinemia, T helper type 2 cell shift, and defects in oral tolerance induction. 82 -84 Perhaps surprisingly, colonization of germ-free mice by a single, unique species of bacteria -e.g., Bacteroides fragilis 85 or segmentous filamentous bacteria, 86 -was shown to be sufficient to restore the development of a multifaceted adaptive immune response. 87 However, qualitative modification of gut microbiota affects immune response development and efficiency of tolerance induction. Thus, in animals, certain microbiota have been shown to protect from autoimmune diabetes development. 88 In humans as well, differences in the composition of gut microbiota have been reported among healthy infants both in countries with a low prevalence of allergies and in those with a high prevalence, and among allergic and nonallergic infants in both environments. 82 A similar phenomenon has been reported for autoimmune diseases, 89 suggesting that qualitative alteration of the microbiota could affect the efficacy of tolerance vs. sensitization upon antigen encounter. However, exact identification of particular protective or potentially harmful bacteria species has not yet been achieved. Probably the most convincing effect of a protective microbiota is found in the presence of Bifidobacterium and Lactobacillus species in the gut microbiota. In line with this is the observation that the administration of probiotics of these bacteria species had encouraging results for allergy prevention in infants, although more studies are needed to firmly establish their protective role. 82 Factors in the development of a particular microbiota include the maternal microbiota, the delivery method, incidental microbial encounters, and the child ' s diet. 80 -82 In particular, breast milk contains oligosaccharides and glycoproteins that promote the growth of health-promoting bacteria. Finally, and perhaps intriguingly, bacteria from the mother ' s flora were found in the milk of mice and humans. 90 Diet and immune system maturation . Although much attention has been paid to the effects of bacterial stimuli on immune system development, gut microbiota are prominent in the large intestine, whereas most of the gut ' s lymphoid immune system is located in the small intestine, where protein absorption predominantly takes place. Antigenic constituents of food clearly exert a stimulatory effect on the neonatal immune system, as mice fed hydrolyzed milk proteins or fed parenterally have fewer B and T cells. Moreover, parenterally fed babies have reduced gut immune system development. 28 The effect of food antigens on development of the immune system has been studied in detail by Faria and colleagues. 91 These authors observed that mice receiving a balanced amino-acid-based protein-free diet had poorly developed gut-associated lymphoid tissue and displayed low numbers of lamina propria cells and intraepithelial lymphocytes as well as signs of decreased systemic immunity. Faria ' s group also showed that nasal tolerance was impaired in those mice. 92 Thus, whereas gut colonization might be important for immune system maturation before weaning, diet might be just an as important factor after weaning. However, diet may affect immune system development even before weaning, because the food antigen load in breast-fed vs. formula-fed children is very different. Finally, as discussed above, in addition to its direct antigenic stimulatory effect, diet can influence the immune system by introducing factors that influence microbiota development.
Local mucosal factor for tolerance induction . Transforming growth factor-(TGF-) is a key cytokine for immune tolerance homeostasis, as illustrated by the overwhelming and deadly systemic inflammation in mice deficient in TGF-1. TGF-seems to have a key role in the induction of different subclasses of Tregs involved in oral tolerance, such as those producing IL-10 (Tr1) or expressing FoxP3. 93 It is also recognized as an important effector molecule that defines orally induced regulatory T helper type 3 cells. 3 Although hematopoietic cells produce it, the local source of TGF-seems to be the epithelial cells. 1, 66 Endogenous levels of TGF-in the intestine are low at birth and REVIEW increase toward weaning, whereas maternal milk is rich in TGF-. 94 TGF-in maternal milk is sufficient to rescue TGF--deficient mice from widespread inflammation. 95 In addition, elegant studies by Penttila et al. demonstrated that rats fed formula milk without TGF-displayed intestinal inflammation 96 and developed an allergic response to bovine -lactoglobulin when on a susceptible background. 97 Supplementation of artificial milk with physiological amounts of TGF-was sufficient to prevent intestinal inflammation and immune response to -lactoglobulin. In agreement with these studies, breast-feeding-induced tolerance to a soluble antigen transferred from the mother to the neonate through breast milk required the presence of TGFin milk. 13 However, TGF-was not required when the antigen was associated with IgG in milk, suggesting that this suppressive factor is necessary only under suboptimal conditions of antigen transfer to the mice. 43 TGF-may also be indirectly involved in tolerance induction given that milk TGF-exerts its effect on epithelial cells during lactation and prevents epithelium activation while enhancing gut barrier function. 50, 98 As a matter of fact, TGF-content in milk was shown to correlate inversely with the risk of allergy development in breast-fed children. 99 IL-10 is another suppressive cytokine that has a key role in the mechanisms of gut tolerance. 3 Interestingly, IL-10 is produced by B-1 cells, a subpopulation of B cells that is present in much higher proportions in neonates than in adults -40 % in neonates vs. 1 % in adults -which suggests that this population may have a role in oral tolerance in neonates. 100 In a model of breast-milkmediated antigen transfer, we found that neither IL-10 in milk 13 nor IL-10 produced by the neonate was required for induction of oral tolerance (Mosconi and Vevhasselt unpublished data).
In addition to TGF-and IL-10, much attention has been paid in recent years to retinoic acid and its precursor vitamin A, and its role in the generation of Tregs in the gut. Thus, gut DCs expressing the CD103 molecule are able to convert vitamin A into retinoic acid and are specialized in the induction of gut-homing FoxP3 + Tregs. 65, 66 Retinoic acid was shown to promote the expression of the gut-homing receptor CCR9 and 4 7 integrin on the interacting lymphocytes and to act in synergy with TGF-on the induction of FoxP3 + Tregs. In addition, retinoic acid favors class switching to IgA. Thus, the availability of food-derived vitamin A is a unique aspect of the gut mucosal milieu that probably has a major influence on tolerance induction toward orally administered antigen. Vitamin A is present in both breast milk and formula milk. In poorly developed countries, lactating mothers and infants who benefit from vitamin A supplementation not only are protected from the most severe complication of vitamin A deficiency -night blindness (xerophtalmie) -but also show less morbidity and mortality due to infections. 101, 102 The impact of maternal milk or formula-derived vitamin A on oral tolerance induction in neonates and infant has not yet been assessed.
The mechanisms put forward in the different settings of oral tolerance in neonates need to be further analyzed, but they seem to involve anergy or deletion, 9,103 a defect in T helper cell function, but no Treg induction 10 or the induction of regulatory CD4 + CD25 + Tregs in the case of breast milk transfer of non-inherited maternal HLA antigens 17 or IgG-complexed antigen. 43 
ORAL TOLERANCE INDUCTION IN EARLY LIFE: A STRATEGY TO PREVENT ALLERGIC DISEASE?
In adults, allergy prevention is classically based on allergen avoidance. This approach has been extended to fetuses, neonates, and infants by promoting the avoidance of allergen exposure during pregnancy, lactation, and the first years of life. However, these recommendations have not yielded the expected resultsthe prevalence of food allergy has continued to rise in recent years, and prospective studies assessing allergen avoidance have failed to show a significant long-term reduction in food allergies. 18,20,104 -107 Recently, the concept of oral tolerance to dietary antigens in neonates and infancy has emerged, leading some to propose the opposite approach: deliberate exposure to dietary and environmental allergens to induce tolerance and prevent allergic disease. 18, 77, 106 This approach is supported by animal studies and by prospective studies that have shown that exposure to cereals before 6 months of age decreases the incidence of wheat allergy as compared with later introduction. 108 Also, studies on the incidence of peanut allergy showed that it is found less frequently in places where peanuts are consumed throughout pregnancy and early childhood than it is in Western industrialized societies, where peanuts are usually avoided in pregnancy and infancy. 77, 109 Interestingly, in contrast to early oral exposure, cutaneous early antigen exposure favors sensitization rather than tolerance induction, highlighting the importance of the route of early antigen exposure in the subsequent development of immune responses. 77 Ongoing studies are assessing the impact of early (4 -11 months) peanut introduction into the diet of highrisk infants on peanut allergy development. 18, 77, 106 As discussed above, animal studies suggest that breast-feeding enhances oral tolerance induction in neonates. In this respect, reports of allergy to dietary antigens transmitted through milk, such as cow ' s-milk allergy in exclusively breast-fed children, might be surprising. However, cow ' s-milk allergy is much less frequent in breast-fed children than in bottle-fed children (0.5 vs. 3 % , respectively), 110 and most epidemiological studies show that breast-fed children develop fewer allergic diseases than bottle-fed children. 105, 107, 111, 112 The protective effects of breastfeeding on allergic disease development in humans might be due to the lower incidence in breast-fed children of infections such as respiratory syncytial virus that are known to predispose to development of asthma. In addition, as discussed above, we believe that breast-feeding might be protective because of both the presence of numerous allergens in breast milk that are absent from artificial milks and their tolerogenic presentation due to breastfeeding related factors such as antigen handling by maternal gut, allergens found in immune complexes in milk, the presence of tolerogenic immune mediators in milk, increased gut maturation and a microbiota favoring tolerance induction in breast-fed children ( Figure 1 ). Variability in allergen and tolerogenic factor levels in milk might contribute to the controversy over the prevention of allergic disease via breastfeeding. 105, 107, 111, 112 In addition, as discussed above, our recent REVIEW observations suggest that maternal sensitization to dietary and environmental antigens will profoundly affect the efficiency of tolerance induction through breast-feeding. 43 In this regard, it is interesting to note that a meta-analysis of epidemiological studies on breast-feeding protection from allergic disease concluded that protection is particularly likely in the presence of a family history of atopy. 112 
CONCLUDING REMARKS
Immune responses induced in early life to environmental and dietary antigens will be decisive for children and their adult response to these antigens, and they will condition development of immune-mediated diseases such as allergies and autoimmunity. Maternal influence on neonatal tolerance induction through breast-feeding is probably of great importance because of dietary and environmental antigen transfer through breast milk and the pleiotropic effects of breast-feeding on gut and immune system maturation. In addition, maternal history and maternal sensitization to common environmental and food antigens will probably affect antigen transfer to the breastfed child along with tolerance induction.
Strategies aimed at improving oral tolerance in neonates will need to take into account the neonate ' s intrinsic characteristics and maternal influence through breast-feeding.
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The author declares no conflict of interest. Figure 1 Possible maternal influence on neonatal tolerance induction through breast-feeding. Before reaching the milk, ingested airborne and dietary antigens are handled by the maternal digestive system, which could contribute to the generation of tolerogenic peptides. Depending on the maternal antigen exposure and mammary gland permeability, various amounts of antigen will be found in breast milk. Maternal sensitization to the ingested allergens will dictate whether the transferred antigens will be found in the milk free or complexed to antigen-specific IgA and IgG. The presence of IgA will trap antigens and prevent their transfer to the child, whereas antigen bound to IgG will be very efficiently transferred across the gut barrier using the FcRn. Gut epithelium maturation will be accelerated by the presence of growth factors such as epidermal growth factor (EGF) and transforming growth factor (TGF) in maternal milk. The presence of immunomodulating factors in milk such as TGF-will favor tolerance induction to the transferred antigens. Finally, prebiotics, such as oligosaccharides, that are present in breast milk will lead to the development of a microbiota promoting immune tolerance induction.
